Welfare and meat quality of marketweight pigs may be negatively affected by transport duration and environmental temperatures, which vary considerably between seasons. This study evaluated the effects of 3 transport durations (6, 12, and 18 h) on the physiology and behavior of pigs in summer and winter in western Canada. Market-weight pigs were transported using a pot-belly trailer at an average loading density of 0.375 m 2 /100 kg. Four replicates of each transport duration were conducted during each season. Heart rate and gastrointestinal tract temperature (GTT) were monitored from loading to unloading in 16 pigs from 4 selected trailer compartments (n = 96 groups, total of 384 animals, BW = 120.8 ± 0.4 kg), namely top front (C1), top back (C4), middle front (C5), and bottom rear (C10). Behavior was recorded for pigs (948 and 924 animals, in summer and winter, respectively) in C1, C4, and C5 during transportation (standing, sitting, lying), and during 90 min in lairage (sitting, lying, drinking, latency to rest) for pigs in all 4 compartments. Transport was split into 7 periods: loading, pre-travel (PT), initial travel (IT), pre-arrival 1 (PA1) and 2 (PA2), unloading, and lairage. During IT and PA2, pigs spent less time lying in winter than summer (P < 0.05 and P < 0.05, respectively). During PA1, PA2, and unloading, a greater (P < 0.001) heart rate was found in pigs transported in winter compared with summer. During PA2, pigs subjected to the 18-h transport treatment in winter had a greater (P < 0.05) GTT than the other groups. In lairage, pigs transported for 18 h in winter drank more (P < 0.001) and took longer to rest (P < 0.01) than pigs from other groups. During PA1, pigs transported for 18 h had the greatest GTT (P < 0.001). At unloading, pigs transported for 6 h had the lowest GTT (P < 0.001). In lairage, pigs transported for 18 h spent less time lying than those transported for 6 or 12 h (P < 0.001). These results suggest that in winter, pigs increased their metabolism and were reluctant to rest on cold floors. Pigs transported for 18 h in winter showed greater evidence of thirst. It may be concluded that under western Canadian climatic conditions, long transports (18 h) in cold weather appear to be more detrimental to pig welfare.
INTRODUCTION
With consolidation of the slaughter industry (Warriss, 1994) , more pigs are being killed in fewer but larger slaughterhouses, leading to an increase in transport distances and durations (Carlsson et al., 2004; Marchant-Forde and Marchant-Forde, 2009 ). Journey duration may have a negative influence on welfare (Lambooij and van Putten, 2000; Bench et al., 2008) , meat quality (Perez et al., 2002; Leheska et al., 2002) , and, in extreme cases, mortality rate (Warriss, 1998; Averós et al., 2008) of market pigs. Long transports (>8 h), but also short transports (<3 h), have been reported to be detrimental (Brown et al., 1999; Werner et al., 2007) . The effects of transport duration on pork quality and pig welfare may vary, depending on external environmental temperatures. During transport, pigs may be exposed to a large variation in temperatures, which differ considerably between regions and seasons (Lewis and Berry, 2006; Brown et al., 2011) . Both cold (Dalla Costa et al., 2007; Ritter et al., 2008) and heat stress (Dewey et al., 2006; Sutherland et al., 2009 ) may have detrimental effects on mortality and welfare of pigs.
Swine transport conditions in Canada are highly variable in terms of distance travelled and seasonal changes in temperature. The aim of the present study was to determine the effects of transport duration on behavioral and physiological parameters, comparing a short, moderate, and long transport time, under Canadian commercial conditions in both summer and winter. This study was part of a larger study in which pig blood parameters and meat quality were also evaluated Seddon et al., 2012) .
MATERIALS AND METHODS
All experimental procedures performed in this study were approved by the University of Saskatchewan Animal Care Committee, in accordance with the Canadian Council on Animal Care (2009).
Animals and Treatment
A total of 5,040 crossbred (Landrace × Large White) market-weight pigs of the same genetics (Large White × Landrace sows and Duroc boars) and fed the same diet (3,220 Kcal/kg, 15% CP) during finishing were transported from 2 commercial finishing farms to a commercial slaughter plant in Manitoba during the summer (July 2010) and winter (January to February 2011) seasons. Pigs were randomly distributed into 3 transport duration treatments: 6, 12, or 18 h, in both seasons. Four replicates of each transport duration were conducted during each season over 4 wk (n = 96 groups). A summary of the climatic conditions on the truck is shown in Table 1 . The average ambient temperatures throughout the transport were 22.9 ± 1.7°C (12.5 to 40.1°C) in summer and -14.3 ± 1.7°C (-28.8 to 1.9°C) in winter. All trucks used were pot-belly types (tri-axle, natural ventilation, air suspension), transporting 210 pigs on 3 decks, distributed into 10 compartments (Fig. 1) . The truck was bedded with 10 bags of wood shavings in summer and 8 bags of shavings and 9 bags of straw in winter. The side panels were open 100% in the summer and 10% in the winter. A subsample of 384 animals (16 barrows/truck, 4 pigs from each of 4 compartments; BW = 120.8 ± 0.4 kg) was randomly selected for the physiological study. They were transported in 4 compartments (4 pigs/compartment), namely top front (C1), top back (C4), middle front (C5), and rear bottom (C10; Fig. 1 ), which were shown to be the most detrimental locations to meat quality and animal welfare in previous studies using the same trailer model (Faucitano et al., 2010; Correa et al., 2012; Torrey et al., 2013) . All pigs in these 4 compartments (948 and 924 animals, in summer and winter, respectively) were used in behavioral observations during lairage, while the behaviour of pigs in C1, C4 and C5 was observed during transport. Behavior was not monitored in C10 due to its configuration. Before transport, animals were housed in fattening pens holding approximately 20 barrows and gilts. Pigs transported for 18 h were off feed for approximately 24 h before slaughter, whereas those transported for 6 and 12 h were off for approximately 20 h. Loads travelling to slaughter for 18, 12, and 6 h left the farm at respectively 1300, 1900, and 0100 h. Each load consisted of unmixed pigs from the same farm and transported on the same truck. The different loads were transported by 3 different drivers, who were randomly assigned to transport duration treatments each week. The average space allowance on the truck was 0.37 m 2 /100 kg in summer and 0.38 m 2 /100 kg in winter. In C1 and C5, load density was less (0.39 and 0.39 m 2 /100 kg, respectively) than in the other compartments, because Canadian trucking companies typically underload front compartments and overload rear compartments to balance weight on axles. Pigs were loaded (loading order: C9, 10, 5, 6, 7, 1, 2, 4, 3, 8) in single file and groups of ~10 animals through a ramp within the barn into the truck. On the truck, pigs moved to the upper deck (C1 and C4) had to walk up an internal ramp. Pigs moved to the middle deck (C5) only had to use the external ramp to be loaded. Finally, pigs loaded onto the rear compartment of the "belly" (C10) had to walk down an internal ramp. Throughout the loading procedure, pigs were handled by barn staff and drivers using plastic boards. Drivers and barn staff used electric prods under exceptional circumstances, such as moving reluctant pigs. The different loads arrived at the slaughter facility and were unloaded at 30-min intervals in a random, predetermined order, beginning at 0630 h. Pigs were unloaded from their respective compartments in the reverse order of loading. Staff only had access to paddles during unloading. Pigs from C1 and C4 and from C5 and C10 were grouped (n = 40) at unloading and moved to holding pens in lairage. Pigs were provided ad libitum access to water and held for ~150 min before slaughter.
Measures
For each load, physiological or behavioral (or both) variables were monitored in the animals over 7 periods: loading, pre-travel (PT), initial travel (IT), pre-arrival 1 (PA1), pre-arrival 2 (PA2), unloading, and lairage. Data were collected during 2 additional periods during transport for the 18-h loads (P1 and P2; see Table 2 for definition).
Physiological Measures
Heart Rate. Heart rate was recorded using Polar heart rate monitors (Team Polar, Polar Electro Canada Inc., Quebec, Canada), at 5-s intervals from loading to unloading. Heart rate monitors were inserted into the protective pouch of a rubber belt that was fitted around the pig's chest. The pigs' thoracic regions were shaved and a lubricant gel was applied to the sensors to ensure connection was maintained with the pigs' skin. Heart rate monitors were installed 4 h before loading to prevent interference between handling and experimental results. After being belted, pigs were returned to their pen waiting to be loaded. Belts were removed immediately after unloading. Data were downloaded and the average heart rate for each pig was determined for each of the experimental periods, up to and including unloading. Because the monitors had a limited recording period, pigs wearing monitors in the 18-h transport were split into 2 sets of 2, with one set recording for the first part of the trip and the other set recording for the second half.
Gastrointestinal Tract Temperature. Gastro intestinal tract temperature (GTT) was monitored every minute from loading to lairage, using the iButton data logger [High Resolution Thermochron iButton DS1921H, 1°C accuracy (-40°C/+85°C), Maxim Integrated Products, Inc., Sunnyvale, CA]. For oral administration (4 h before loading) of the iButton data loggers, each pig was snared and a heavy gauge metal "pig gag" was inserted between its jaws to hold them open. A balling gun loaded with the iButton was then inserted as far back into the pig's mouth as possible and the iButton was ejected. The pig was then released and monitored for 30 s to ensure that the iButton had been swallowed. After slaughter, the viscera were removed on the processing line and loggers were recovered from the stomach (92.8%), caecum (5.5%), or intestines (1.7%) of each pig by gross dissection. The overall recovery rates of the iButtons were 84.4% and 75.5% for summer and winter trials, respectively. Average temperatures for each pig were determined for each experimental period. A temperature drop of >2°C during lairage was considered indicative of drinking and such temperatures were excluded from the calculations.
Behavioral Observations
Behavior on the Truck. During transportation, behavior was recorded using digital cameras (Pentax Optio W90 12.1 MP, Mississauga, ON, Canada), mounted on the side of 3 of the compartments of interest (C1, C4, and C5), and programmed to take pictures at 5-min intervals. The cameras were mounted in such way as to maximize the view of the compartments. The percentage of animals within view that were standing, sitting, or lying was re- corded from departure until arrival at the slaughterhouse. Some data were lost due to camera failure, particularly during winter trials. Data for each compartment were summarized for each experimental period as the average percentage of pigs observed in the 3 postures.
Lairage Behavior. Behavior during lairage was recorded by direct observation for 90 min, beginning when pigs entered the pen. Scan sampling was used at 5-min intervals to determine the number of pigs sitting, lying, and drinking. The latency to rest was also determined as the time to when at least 50% of the pigs were lying. Data for the entire period were summarized as the average percentage of pigs in each of the 4 categories.
Truck Measures
Ambient temperature was measured inside and outside of the trailer every 5 min from departure of the commercial finishing farms to arrival at the slaughter facility, using iButton data loggers [DS1923 Hygrochron Temperature/Relative Humidity Logger, ± 0.5°C/5% RH accuracy (-55°C/+100°C), Maxim Integrated Products, Inc.]. The data loggers were hung 5 cm below the ceiling of each trailer compartment and on the side mirrors of the truck. Some ambient temperature data recorded in winter were lost due to extreme weather conditions.
Statistical Analysis
This study was performed as a 2 × 3 × 4 factorial arrangement of the following treatments: 1) season (summer vs. winter), 2) transport duration (6, 12, and 18 h), and 3) compartment (C1, C4, C5, and C10) to evaluate the impact of these factors on physiological and behavioral variables. It should be noted that the seasonal replicates were not true replicates of each season, but rather pseudo replicates, because they were performed within the same year. However, data were collected under a range of climatic conditions that are representative of each season in the Brandon area (The Weather Network, 2012). Normality and homogeneity of variance (Shapiro-Wilk test) were tested before the analysis. A Proc Mixed procedure in SAS (SAS Inst. Inc., Cary, NC), with season, transport duration, and compartment within truck as fixed effects, and week within season as a random effect, was performed to analyze data for each experimental period. An additional analysis was conducted on data from 18-h loads collected during P1, P2, and PA1, as repeated measures. Tukey-Kramer adjustments were used to compare treatment means. When residual normality was not met, transformations using the BOXCOX procedure in SAS were performed. When normality could not be reached with transformations, nonparametric statistics (Kruskal-Wallis test) were used. Untransformed LS means and standard errors of the mean (SEM) are reported.
RESULTS

Loading
Physiology. Pigs loaded in preparation for 18-h transport had a greater (P = 0.006) heart rate (133.2 ± 2.7 beats/ min) than those being loaded for the 6-and 12-h transports (122.3 ± 3.1 and 120.9 ± 2.3 beats/min, respectively) in winter (Fig. 2 ). There were no differences (P > 0.05) between transport durations in the summer. The location in the truck where pigs were loaded had no effect on heart rate (C1: 128.2, C4: 123.2, C5: 128.1, and C10: 129.0 beats/ min; SEM: 2.3; P > 0.05). An interaction between season and transport duration (Fig. 3) influenced GTT, as well, with pigs being loaded to be transported for 12 h in summer (40.33 ± 0.07°C) having a greater (P < 0.001) GTT than those being loaded for a 6-or 18-h transport (39.8 ± 0.1 and 39.6 ± 0.1°C, respectively) in the same season. No variations in GTT were found in winter (P > 0.05). Pigs being loaded into C4 (39.5 ± 0.1°C) tended to have a lower (P = 0.052) GTT than pigs loaded into C10 (39.7 ± 0.1°C).
Truck Temperature. In summer, the temperature recorded when pigs on the 6-h transport duration treatment were loaded (21.6 ± 0.9°C) was lower (P < 0.001) than the 12-and 18-h transport duration treatments (29.8 ± 0.9 and 27.2 ± 0.9°C, respectively). There were no differences between transport duration in winter (data not shown).
Pre-travel
Physiology. There was an interaction between season and transport duration for heart rate data (Fig. 2) , with pigs on the 18-and 12-h treatments in summer (131.5 ± 2.9 and 132.1 ± 2.9 beats/min, respectively) having a greater (P = 0.048) heart rate compared with pigs on the 6-h treatment (120.2 ± 2.9 beats/min), whereas no differences between transport durations were observed in the winter. Pigs loaded in the C4 (136.1 ± 2.5 beats/min) had a greater (P = 0.004) heart rate than those loaded in C5 (124.1 ± 2.5 beats/min). There was an interaction between season and duration for GTT (Fig. 3) , with pigs loaded to be transported for 12 h in summer (40.6 ± 0.1°C) having a greater (P < 0.001) GTT than pigs on the 6-and 18-h treatments (39.8 ± 0.1 and 40.0 ± 0.1°C, respectively). The GTT of pigs loaded to be transported in winter did not differ between transport duration treatments. There were no effects (P > 0.05) of compartment on this variable (C1: 39.8, C4: 39.8, C5: 39.8, and C10: 39.9; SEM: ± 0.1).
Truck Temperature. In summer, the truck temperature was lower (P < 0.001) when 6-h loads (22.3 ± 0.8°C) were waiting at the farm compared with the 2 other transport duration treatments (30.1 ± 0.8 and 28.6 ± 0.8°C, respectively). There were no differences in truck temperatures between transport duration in winter (data not shown).
Initial Travel
Physiology and Behavior. In the summer, pigs loaded to be transported for 12 h (129.5 ± 2.5 beats/min) had a greater (P < 0.001) heart rate than pigs loaded to be transported for 6 h (115.3 ± 2.4 beats/min), whereas in the winter, pigs on the 12-h transport treatment (115.4 ± 2.8 beats/min) had a lower heart rate than pigs on the 18-h transport treatment (127.0 ± 2.4 beats/min; Fig. 2 ). Heart rate varied according to the compartment location on the truck, with pigs loaded in C4 (127.1 ± 2.1 beats/min) having a greater (P = 0.021) heart rate than those loaded in C1 and C5 (119.3 ± 2.1 and 119.1 ± 2.1 beats/min, respectively). In summer, pigs on the 12-h transport treatment (40.5 ± 0.1°C) had a greater (P < 0.001) GTT (Fig. 3) than those transported for 6 and 18 h (39.6 ± 0.1 and 39.8 ± 0.1°C, respectively). No differences between transport duration treatments were found in the winter. Compartment had no influence (P > 0.05) on this variable (C1: 39.5, C4: 39.7, C5: 39.5, and C10: 39.7; SEM: ± 0.1). In winter, pigs were standing up more and lying down and sitting less than in summer (P = 0.011). Behavior also differed by compartment (Table 3) , with pigs transported in C4 standing up more than those transported in C1 and lying down less, compared with pigs travelling in C5 and C1 (P = 0.005 and P < 0.001, respectively). There were no effects of transport duration on behavior (Table 3) during initial travel.
Truck Temperature. In summer, the truck temperature was lower (P < 0.014) during the first 90 min of transport of the 6-h loads (23.2 ± 0.8°C) than the 12-and 18-h loads (29.5 ± 0.9 and 29.3 ± 0.9°C, respectively). There were no differences in truck temperature between transport duration in winter (data not shown).
Pre-arrival 1
Pigs transported in winter had a greater (P < 0.001) heart rate than summer (Table 4) . Heart rate tended to differ by transport duration (P = 0.086), with pigs subjected to the 18-h transport treatment tending to have a greater heart rate than those subjected to the 6-h treatment (Table 4 ). The location in the truck also tended (P = 0.077) to have an effect on heart rate, with pigs transported in C10 being more inclined to have a greater heart rate than those transported in C1 (Table 4) . Pigs on the 18-h transport treatment had a greater (P < 0.001) GTT than those on the 6-or 12-h treatments (Table 4 ). There were no effects of season or compartment on this variable in this transport phase (Table 4) . Behavior in this phase was only influenced by the duration of transport, with pigs on the 18-h transport treatment sitting less (Table 4) than those on the 6-and 12-h treatments (P = 0.012).
Pre-arrival 2
Pigs transported in winter had a greater (P < 0.001) heart rate than summer (Table 4) . Heart rate also differed by the location of truck compartments, with pigs transported in the C10 having a greater (P = 0.038) Figure 2 . Effects of the interaction between season and transport duration on mean heart rate (beats/min) (a) at loading (P < 0.01), (b) pre-travel (PT) (P < 0.05), and (c) initial travel (IT) (P < 0.001). heart rate than those in C1 (Table 4) . Heart rate did not differ between transport duration treatments (Table 4) . In winter, pigs subjected to the 18-h transport treatment (39.2 ± 0.1°C) had a greater (P = 0.022) GTT (Fig. 3) than those subjected to a 6-or 12-h treatment (38.7 ± 0.1 and 38.9 ± 0.1°C, respectively) in the same season. The GTT did not differ between transport duration treatments in the summer. There were no (P > 0.05) compartment effects (C1: 38.8, C4: 38.9, C5: 38.9, and C10: 38.9°C; SEM: ± 0.1). Pigs were lying down less in winter than summer and sitting more when transported in C4 than C5 (P = 0.041 and P = 0.042, respectively; Table 3 ). There were no transport duration effects on this variable in this transport phase.
Unloading
Physiology. Pigs had a greater (P < 0.001) heart rate in winter than summer (Table 4) . Pigs transported for 12 h had a tendency to have a greater (P = 0.069) heart rate than those transported for 18 h (Table 4) . Pigs unloaded from C10 showed a greater (P = 0.036) heart rate than those from C1 (Table 4) . Pigs transported for 6 h had the lowest GTT (P = 0.026; Table 4 ). There were no season or compartment effects on this variable at unloading.
Unloading time. It took longer (P < 0.001) to unload pigs out of C10 (96.9 ± 11.6 s) than out of C5 or C1 (46.7 ± 11.6 and 62.6 ± 11.8 s, respectively; data not shown). Season and transport duration did not influence unloading time. Within a row and for each factor, means without a common superscript differ (P < 0.05).
1 Significant interactions are presented in Fig. 2 and 3 . There were no significant interactions between SEA and COM or TD and COM. 2 Pigs from C1 and C4 and from C5 and C10 were grouped in lairage. There were no significant interactions between SEA and COM or TD and COM.
Lairage
Pigs transported for 18 h had a greater (P = 0.026) GTT than those transported for 6 h (Table 4) . Neither season nor compartment influenced GTT variation during lairage (Table 4 ). There was an interaction between season and transport duration for drinking behavior (Fig. 4) , with pigs submitted to the 18-h transport treatment in winter drinking more (9.0 ± 0.8%) than pigs travelling for 6 or 12 h (3.3 ± 0.8% and 2.6 ± 0.8%, respectively; P < 0.001). Drinking behavior did not differ between transport duration treatments in summer. There was an interaction between season and duration (P < 0.032; Fig. 4 ) for latency to rest, with pigs transported for 18 h in winter (25.5 ± 2.8 min) taking more time to lie down than those travelling for 6 and 12 h (12.3 ± 2.4 and 18.7 ± 2.1 min, respectively). The location in the truck where pigs were loaded had no effect (P > 0.05 for both) on drinking behavior (C1: 4.0 ± 0.4% and C5: 4.0 ± 0.4%) or latency to drink (C1: 14.4 ± 2.0 and C5: 16.3 ± 2.0 min). Pigs transported for 18 h laid down less than pigs transported for 6 and 12 h (Table 3) . Transport duration, season, or compartment location did not affect sitting behavior (Table 4) .
Comparisons across Periods in Pigs Transported for 18 h
In summer, pigs had a greater (P < 0.05) heart rate during P1 than PA1 and lower (P < 0.05) GTT in PA1 than P1 and P2 (Table 5 ). There were no significant period effects in winter for either variable. In winter, pigs stood more and laid down less in P1 than P2 and PA1 (P < 0.05; Table 5 ). There were no significant period effects of behavioral variables during summer trials.
DISCUSSION
Transport duration effects were found for heart rate and GTT before the different transport duration treatments were applied (loading, PT, and IT). The greater heart rates in pigs on the 18-and 12-h treatments may be explained by the fact that those pigs were loaded during the day, in contrast to those on the 6-h treatment, which were loaded at night. Pigs can be reluctant to move forward during the day because of bright lights and shadows on the way to the truck, whereas at night, lights are effective for attracting pigs into trucks or trailers (Grandin, 1990) . Results regarding body temperature indicate that during the beginning of the transport process (loading, PT, and IT), pigs on the 12-h transport treatment always had the highest GTT in summer, whereas there were no effects in winter. The results may be explained by circadian rhythms of body temperature and heart rate (Ingram and Dauncey, 1985) , along with loading and fasting time differences. The difference observed between the pigs on the 6-h transport treatment and those on the 12-h transport treatment may be due to the greater GTT measured on the truck at loading and during PT and IT. It is unclear why pigs on the 18-h transport treatment, which had been fasted for a shorter time before loading compared with those on the 12-and 6-h transport treatment, did not have the highest GTT due to increased metabolism (Van Milgen et al., 2000) . Several other factors, such as diurnal changes in metabolism (Verstegen et al., 1986) , fatigue of handler (Hill, 2005; Ritter et al., 2005) , and individual driver differences (Peeters et al., 2008) , may help to explain initial variations among transport duration treatments. While the differences among treatment groups toward the end of transport were no longer the same as those in the initial periods, potential carryover effects cannot be entirely ruled out.
Our results on pig behavior on the truck show that pigs may have suffered from exposure to cold temperatures. During IT and PA2, a lower percentage of pigs was observed lying down in winter than summer (19 vs. 31% and 46 vs. 68%, respectively) . This observation is similar to those made by Peeters et al. (2008) and Torrey et al. (2013) , who found that pigs spent more time standing during transport at low temperatures. Quantification of lying behavior is often used as a diagnostic tool to assess thermal conditions (Randall et al., 1983; Geers et al., 1986) . In winter, pigs adopt postures that tend to reduce the functional surface area for heat loss (Montieth and Mount, 1974; Mount, 1975; Schmidt-Nielsen, 1983 ). In the present experiment, the aluminum floor may have been too cold in winter for the pigs to comfortably lie down, despite the presence of wood shavings. Anecdotally in this study, pigs with frostbites and marks on their body were noted at the slaughterhouse when carcass scoring was performed. It may be assumed that those pigs were not able to rest properly and may have suffered greater physical stress and fatigue, due to standing for a prolonged time (Knowles and Warriss, 2000) . A lower percentage of pigs lying down was observed in pigs transported for 18 h in P1 than P2 and PA1 in winter. This result shows that, in spite of the cold floor, pigs progressively lie down.
The lower proportion of pigs lying down in winter than summer may be associated with the greater heart rate measured during the PA2 period, as changes in posture have been associated with changes in heart rate. In sheep, for instance, Baldock et al. (1988) showed that heart rate was 8 beats/min lower when lying than when standing. In addition, standing is a very costly exercise in pigs compared with other farm animals. Noblet et al. (1993) reported that the energy requirement for the standing posture in pigs is 2 times greater than for lying down. At unloading, heart rate was also found to be greater in winter than summer, possibly due to a carryover effect from the preceding period.
In addition to their effect on postures, cold temperatures may have also increase pig metabolism. Like heat stress (Kadzere et al., 2002; Huynh et al., 2004) , cold stress has been found to induce an increase in metabolism (Holmes and Mount, 1967; Freund and Young, 1995; Van Ooijen et al., 2004) . Temperatures encountered in winter were below the thermo-neutral zone of market-weight pigs (10 to 21°C; Agriculture and Agri-Food Canada, 1993) and greater GTT were found in pigs transported for 18 h in winter compared with those transported for 6 and 12 h in the same season, whereas there were no effects in summer. Pigs transported for 18 h in winter were exposed to cold for a longer time than the other treatments. Indeed, the interaction between season and transport duration suggests that a long exposure to cold may have induced an increase in thermogenesis. Supporting our results, Tamminga et al. (2009) also found that pigs had a greater GTT during transport in winter.
Looking specifically at pigs within the 18-h treatment, summer transport heart rates were greater at the beginning of transport than at the end. This may be explained by the greater internal trailer temperatures encountered early in the transport process during summer. This difference in internal temperature may also explain why the GTT of these pigs was lower at the end of transport. In addition, pigs had been fasting for a longer period of time, which may have decreased GTT (Bertol et al., 2005) .
During PT, pigs loaded into C4 showed the highest heart rates and this may be due to the extra handling required to access this compartment, as pigs were required to climb a ramp and make a 90-degree turn. Later on, pigs in C4 did not seem to have settled down yet during IT since they laid down less and had a greater heart rate than those in C5 and C1. This may be explained by the loading order, since pigs loaded in C4 were the last group loaded among the compartments of interest and thus these pigs were still under the effects of loading stress at the time of departure. At unloading, pigs unloaded from C10 took longer to exit the truck than those unloaded from C5 and C1. It may be assumed that unloading from C10 was more difficult than from the other 2 compartments.
In lairage, pigs transported for 18 h in winter drank more than any other group. These animals spent 9% of the time drinking, whereas the other groups spent between 1% and 4% (6 and 12 h, respectively). Greater drinking behavior may reflect a greater state of thirst as there is evidence that pigs become dehydrated after a prolonged transport (Warriss et al., 1983; Brown et al., 1999 ). An increase in water intake has also been reported in other animals (i.e., rats) exposed to cold (Fregly and Waters, 1966; Fregly et al., 1976) . Several factors may be responsible for dehydration during cold exposure. Cold air contains significantly less water than warm air at an even or a lower humidity level, and may cause respiratory water losses through breathing (Brebbia et al., 1957; Freund and Young, 1995) . An increase in metabolism in winter may have also contributed to dehydration, since respiratory water losses increase with metabolic rate (Freund and Young, 1995) . Cold exposure has also been reported to increase diuresis and reduce blood and plasma volume (Bazett et al., 1940; Young, 2007) in several mammalian species, including rats (Itoh, 1954; Broman et al., 1998) and humans (Hynynen et al., 1993) . The greater drinking behavior observed in pigs transported for 18 h in winter may have also been stimulated by food deprivation (24 h), which might have been more challenging since pigs were put off feed in the early morning and for 4 extra hours. A higher drinking rate in long-term fasted pigs (24 h) was also reported by Brown et al. (1999) and Saucier et al. (2007) . Beattie et al. (2002) showed that pigs that were deprived of food for 20 h were hungry. In contrast to warm temperatures, cold temperatures usually stimulate appetite and the increase reflects a,b Means, within a row and for each factor, with different superscripts differ (P < 0.05).
1 P1 = Period 1; P2 = Period 2; PA1 = Pre-arrival 1; GTT = gastrointestinal tract temperature. There were no significant interactions between SEA and COM or TD and COM. metabolic demands of the animal (Holmes and Mount, 1967; Jensen et al., 1969) . Thus, the higher drinking rate may be related to hunger (Yang et al., 1981 (Yang et al., , 1984 .
In lairage, pigs transported for 18 h were found to lie down less than those transported for 6 or 12 h. In addition, in winter, those pigs took more time to rest than the other groups. Increases in physical activity due to reduced feeding level (Cariollet and Dantzer, 1984; Susenbeth and Menke, 1991) and cold exposure (Gordon et al., 2000) have been reported. The lower percentage of lying behavior and greater latency to rest is likely to be directly due to their drinking behavior. Since they spent more time drinking than the other groups, they were not observed lying down.
Conclusions
The results of the present study show that, under western Canadian climatic conditions, exposure to cold temperatures can make pigs reluctant to lie down on trucks and lead to an increase in metabolism and a greater state of thirst, which are accentuated during long transports. Further analyses of related hormonal and meat quality data will shed more light on this hypothesis. The present study highlights the importance of using appropriate bedding and ventilation in winter and providing adequate water access after unloading. Further research is needed to improve the design of Canadian trucks, with the objective of protecting pigs from cold stress during long distance transportation.
